
 

Modeling of electromagnetic effects in complete RF blocks

Citation for published version (APA):
Niehof, J., Janssen, H. H. J. M., & Schilders, W. H. A. (2007). Modeling of electromagnetic effects in complete
RF blocks. In Proceedings of the 11th Workshop on Signal Propagation on Interconnects (SPI 2007) 13-16 May
2007, Ruta di Camogli (Genova), Italy (pp. 177-178). Institute of Electrical and Electronics Engineers.
https://doi.org/10.1109/SPI.2007.4512243

DOI:
10.1109/SPI.2007.4512243

Document status and date:
Published: 01/01/2007

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 27. May. 2023

https://doi.org/10.1109/SPI.2007.4512243
https://doi.org/10.1109/SPI.2007.4512243
https://research.tue.nl/en/publications/62ba3334-42f4-46f5-b113-5c262cbbf91c


Modeling of Electromagnetic Effects in Complete RF blocks
     

 
J. Niehof, H.H.J.M. Janssen, W.H.A. Schilders 

NXP Semiconductors Research 

High Tech Campus 37, 5656 AE, Eindhoven, the Netherlands 

{jan.niehof,rick.janssen,wil.schilders}@nxp.com 

 

                                                 
 The CHAMELEON RF project is funded under the European Union IST (Information Society Technologies) 6th 

Framework Program: FP6/2004/IST/4-027378. 

Abstract 

Next-generation nano-scale RFIC designs have an 

unprecedented complexity and performance that will 

inevitably lead to costly re-spins and loss of market 

opportunities. In order to cope with this, the aim of the 

European Framework 6 CHAMELEON RF project [1] is to 

develop methodologies and prototype tools for a 

comprehensive and highly accurate analysis of complete 

functional IC blocks. These blocks will operate at RF 

frequencies of up to 60 GHz. 

In order to achieve these goals, efficient and accurate 

models of the interconnect, integrated inductors, the substrate 

and devices, together with their mutual interactions, need to 

be developed. At SPI 2007 the results achieved in the 

modeling and methodology research will be presented. 

Introduction 

Next generation designs will be challenged by an 

increased number of trouble spots, many of which negligible 

at lower frequencies but representing a significant limitation 

for future designs. These trouble spots will have to be 

accounted for during the design phase in order to avoid costly 

mishaps that can originate potential failures and additional 

design and silicon iterations, and must be addressed in future 

design automation tools. 

New coupling and loss mechanisms, including EM field 

coupling and substrate noise as well as process-induced 

variability, are becoming too strong and too relevant to be 

neglected, whereas more traditional coupling and loss 

mechanisms are more difficult to describe given the wide 

frequency range involved and the greater variety of structures 

to be modeled. All this will cause extra design iterations, 

over-dimensioning or complete failures, unless appropriate 

solutions are found to resolve these design issues. 

The key to these solutions is the recognition that devices, 

both active and passive, can no longer be treated in isolation. 

Complete RF blocks must be considered as one entity, and be 

treated as such by the design automation tools. Today, it is not 

possible to perform such analyses of complete RF blocks. 

The CHAMELEON RF project will deliver the 

methodologies and prototype tools to make this possible. 

The project has started in November 2005, and will run for 

a period of two and a half years. More detailed information 

about the CHAMELEON RF project can be found at the 

project website [2]. 

Chameleon RF objectives 

The general objective of the consortium is that of 

developing a methodology and prototype tools that take a 

layout description of typical RF functional blocks that will 

operate at RF frequencies up to 60 GHz and transform them 

into sufficiently accurate, reliable electrical simulation models 

taking variability into account. 

The main goal of the project, against which the progress of 

the project work will be measured, is the silicon-accurate 

modeling of RF functional blocks (such as a VCO or an LNA) 

with up to 10 transistors, 10 passive devices and implemented 

in 90 and 180 nano-meter technology with a maximum of 10 

levels of metal for frequencies up to 60 GHz. 
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Figure 1: Illustration of our subsequent modeling and model order reduction procedures. Figure (a) shows 

compact models of devices, such as transistors or inductors, which are equipped with connectors to account for the 

interaction, which is added in (b). This model is transformed into a simpler but still accurate model using model 

order reduction procedures in (c). 
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The modeling and methodology research topics 

The first task deals with the electromagnetic field aspects 

of coupling, at the component level. In this work package the 

methods for quantitative analysis of interference are done. 

The work package provides best practices for generating 

compact models that incorporate the coupling effects. The 

coupling of the front-end (active devices) with the back-end 

(integrated passive devices and interconnects) is studied. The 

presently available compact models will be refined, if needed, 

with ‘hooks’ or connectors that allow the incorporation of 

induced field effects originating from the surrounding. 

 

 
Figure 2: Active devices in an electromagnetic environment - 

modeling considerations. 

 

The second research task aims at efficient and accurate 

methods of modeling the global interactions between the 

physical (on-chip) realizations of the circuit elements from the 

schematic. These elements include the active as well as the 

passive devices. The goal is to develop procedures for layout 

scanning, in order to identify the primitive components and 

their actual values of variable parameters. The couplings to be 

modeled in this WP will attach to the specific connectors of 

the compact models that are the outcome of WP1. If 

electromagnetic analysis is necessary for the extraction of 

additional parameters, a hierarchical series of field problems 

are formulated and solved. Automatic domain decomposition 

is done by divide and conquer, and boundary conditions are 

set-up in an automatic manner. In this work package also 

several "on the fly" MOR techniques to improve the 

efficiency of EM analysis will be evaluated. 

 

 
Figure 3: Different levels of abstraction for a component and 

their corresponding equations. 

 

The third task therefore deals with the development of 

novel order reduction techniques that can take parameterized 

descriptions of structures into account and lead to efficient 

coupled analysis of active and passive devises as well as 

parasitics. The enabling blocks for that analysis will be 

reduced order models that should be described by netlists that 

can be directly simulated with existing or new simulation 

engines.  In this work package we aim to develop, besides 

parameterized order reduction of compact models for linear 

(passive) components, also new model descriptions and model 

order reduction techniques that enable generation of 

compressed representations of parameterized interconnected 

sets of compact models of interaction effects, active and 

passive devices. 

 

 
Figure 4: Example of a circuit with hooks. 

 

For the purpose of validation of the simulation/modeling 

results, RF designers, the tool developers and the 

characterization engineer will define, design, fabricate and 

measure benchmark structures. State-of-the-art processes like 

180nm and 90nm CMOS and SiGe BiCMOS technologies 

will be used for the implementation of RF circuits. The 

structures will be characterized using on-wafer S-parameter 

measurement techniques. Test structures are: substrate noise 

isolation structures, a series of parameterized active and 

passive components with particular values of parameters and 

for functional blocks: VCO, LNA, in 180nm and 90nm 

CMOS. 

Then, as a final task, the software tools and modeling 

methodologies, developed during the project will be validated. 

Results 

Since the start of the Chameleon RF project signification 

progress has been made in the areas of: 

• construction of compact/reduced order models for active 

and passive devices, taking the impact of the environment 

into account. This for both electric and magnetic effects, 

• methods for interconnected / coupled sets of compact 

models (domain decomposition procedures, taking 

advantage of hierarchy), 

• treatment of variability (development of parameterized 

MOR workbench). 

At SPI 2007, an overview of these results will be presented. 
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